cost effective and requires only a simple setup.
3-6 The cost and pro- Butyral-co-vinyl-alcohol-co-vinyl acetate (PVB) (Sigma Aldrich-50 94 000-80 000 Molecular Weight, 62-72
• C Glass Transition Tempera-95 ture) were prepared with variable amount of Phosphate Ester (PE) 96 (Alfa Aesar-98%) in separate beakers. The suspensions were balled 97 milled with zirconia balls for 24 hours followed by agitation in an 98 ultrasonic bath for 30 minutes. The pH and zeta potential of the sus-99 pensions were recorded. The amount of ferrite powder required for 100 EPD was manipulated in separate tests, namely, 0.1 wt%, 0.3 wt% and 101 0.5 wt% in order to study the effect of solid loading in suspension. 102 The pH, zeta potential and viscosity of the suspensions were measured 103 as well.
104
Stainless steel plates were prepared in pairs with a deposition area 105 of 50 cm 2 as an anode and 25 cm 2 as a cathode. The electrodes 106 were polished to facilitate the surface and then placed vertically and 107 parallel; the distance between the electrodes was fixed at 10 mm. 108 A voltage of 200 V was applied for one hour. After EPD, the film 109 
Results and Discussion

116
Powder synthesis.-Thermogravimetry Analysis (TGA) was per-
117
formed to determine the calcination temperature of the ferrite powder.
118
As shown in Fig. 1 , the weight loss for the synthetic ferrite powder complexes to form ferrite. The heating rate and duration of calcina-128 tion were chosen to ensure homogeneous heating within the sample 129 and also to prevent excessive self-heating which will lead to lack of 130 chemical homogeneity and agglomeration. As a small amount of ag-131 glomeration of powder is bound to occur after calcinations, the powder 132 was milled in order to break the agglomeration. The average size of nickel zinc ferrite nanoparticles is 23 ± 5 nm,
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142
and this was calculated by measuring the diameters of 100 particles.
143
The precipitation of nickel zinc ferrite by water-in-oil microemulsion out with an alternating gradient magnetometer. Fig. 4 shows the mag- decreases with an increase in pH value at 300 and 5 K. In this re-158 search, the synthesized nanoparticles were scheduled for calcinaion 159 at 700
• C for one hour. Thus, nanocrystalline ferrite particles with 160 small hysteresis loop were obtained after calcination at 700
• C.
161
Suspension analysis.-Suspensions of ferrite were prepared by 162 dispersing ferrite powder in ethanol and mixing of additives such 163 as PE, PEI and PVB. Additives will influence the stability of the 164 suspensions. The zeta potential analysis was based on suspensions 165 with 1 wt% (99 wt% ethanol) of ferrite powder. The zeta potential and 166 caused a subsequent decrease in the zeta potential.
185
The conductivity curve is shown in Fig. 6 
200
The zeta potential value is highest for suspensions with 4 wt% PE. The positive value of zeta potential indicated that the prepared sus-207 pension is positively charged and that the ferrite nanoparticles will 208 be deposited on the cathode during EPD. As shown in Table II , the 209 electrophoretic mobility for 0.1 wt% of solid loading in the stabilized 210 ethanol suspension is the highest with 0.71 cm 2 /Vs. Precisely, suspen-211 sion of lower ferrite powder concentration has higher levels of control 212 on the thickness and uniformity of the deposited films.
213
The viscosity of the suspension increased with the weight per-214 centage of solid loading. This came about due to the repulsive force 215 between particles increasing as the solid concentration of ferrite pow-216 der increases. Stable suspensions with low viscosity value and high 217 zeta potential are considered to be very suitable for the EPD process. 218 The conductivity value increases with the weight percentage of ferrite 219 powder dispersed in the suspension. Higher conductivities reduce the 220 effectiveness of the electric field exerted on the particles in the sus-221 pension. Therefore, the mobility of the particles is reduced and the 222 deposition rate is lower. The desired properties in the stable suspen-223 sion are low viscosity, high dielectric constant (values of zeta potential 224 and electrophoretic mobility) and low conductivity. The measured pH 225 of the suspensions decreased negligibly from pH 10 with 0.1 wt% 226 ferrite powder to pH 9.7 with 0.5 wt% ferrite powder. Consequently, 227 the equilibrium reaction between the absorbed and free protons on the 228 surface of each ferrite particle depends on the particle concentration. 229 Suspended particles at lower concentration values were characterized 230 by a relatively high and positive surface charge.
231
Sedimentation rate for suspension with 0.5 wt% ferrite powder is 232 much faster than the suspension with 0.1 wt% ferrite powder. High 233 solid loading induces strong magnetic interactions. These magnetic 234 interactions cannot be permanently screened with the electrostatic 235 repulsive interactions, consequently leading to the short term stability 236 of the suspension and finally to the agglomeration and sedimentation 237 of the particles. From Table II , it can be observed that particle size 238 for suspension with 0.1 wt% ferrite powder is smaller compared to 239 the suspension with 0.5 wt% ferrite powder. This is because colloidal 240 particles with smaller size range tend to remain in suspension for 241 long periods due to Brownian motion. Particles with larger size range 242 require continuous hydrodynamic agitation to remain in suspension. 243 Hence, it is difficult to get uniform deposition from a sedimenting 244 suspension of large particles.
245
Deposition characterization.-The surface morphology of the 246 nickel zinc ferrite layer is presented in Fig. 7 . In general, the fer-247 rite layer is not uniform with low porosity content. The long thin 248 shape as shown in Fig. 7a can be observed throughout the surface 249 of elecrtode due to the formation of repeated thin layers of ferrite. 250 with the substrate was enhanced by sintering the deposit at 1000
268
Sintering had to be carried out in inert conditions as the stainless steel 269 electrode is highly susceptible to oxidation at high temperatures.
270
Figure 8. X-ray diffraction pattern of sintered nickel zinc ferrite film.
Conclusion
271
EPD process is a versatile technique for producing a ferrite layer 272 at a relatively low temperature and a higher deposition rate. It was 273 found that the suspension of ethanol with PE as a charging agent, PEI 274 as a dispersant and PVB as a binder is suitable for use in EPD. The 275 highest zeta potential (34.4 mV) was recorded from the suspension 276 of 0.1 wt% ferrite, 99.9 wt% ethanol, 4 wt% PE, 1 wt% PEI and 1 277 wt% PVB. Correlation between conductivity and zeta potential of the 278 suspension were clearly demonstrated in determining the suspension 279 stability. The dissociation of PE results in liberation of hydronium ions 280 (H+) which mobilize the ferrite particles. This gives rise to the zeta 281 potential. Proper manipulation of the conductivity and zeta potential 282 could result in better suspension stability and subsequently a good 283 deposition layer can be produced.
284
In addition, the effect of solid concentration by varying the weight 285 percentage of ferrite powder in the suspension shows that higher 286 solid concentration lead to lower suspension stability and lower elec-287 trophoretic mobility. The suspension medium and the additives play 288 a crucial role for electrophoretic forming. Formation of fine and more 289 uniform ferrite powder should be used to obtain a well-stabilized 290 colloidal suspension. The sintered nickel zinc ferrite layer exhibited 291 needle-like crystal structure on top of the surface layer by means of 292 FE-SEM image. The quality of such ferrite layers requires further 293 investigation in the magnetic property measurement. 
